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(54)  Variable  cam  phaser  and  method  of  assembly 

(57)  A  variable  cam  phaser  (16)  has  drive  (18)  and 
driven  (30,32)  members  connected  by  helical  splines 
(90,92,116,118)  of  an  annular  phase  control  piston  (82) 
and  a  lash  control  piston  (84),  axial  motion  of  which  var- 
ies  the  angular  phase  relation  between  the  drive  (18) 
and  driven  (30,32)  members.  A  single  wave  spring  (122) 
received  in  a  groove  (120)  in  one  (82)  of  the  pistons  bi- 
ases  them  apart  to  take  up  lash  in  the  splines.  A  return 
spring  (94)  biases  the  phase  control  piston  (82)  to  an 
initial  phase  setting.  Pre-timing  of  the  members  is  pro- 
vided  for  by  a  driven  (or  drive)  member  (30,32)  compris- 
ing  two  components,  a  hub  flange  (30)  that  supports  the 
other  member  (18)  and  a  splined  hub  (32)  carried  by 
and  initially  rotatable  on  a  tubular  protrusion  (50)  of  the 
hub  flange  (30).  After  assembly  of  the  phasing  mecha- 
nism,  the  hub  (32)  is  rotated  on  the  hub  flange  (30)  to 
pre-time  the  initial  phasing  of  the  members.  An  end  (60) 
of  the  tubular  protrusion  is  then  deformed  into  a  flange 
(60)  engaging  an  annular  shoulder  (58)  on  the  hub  (32) 
to  lock  the  hub  (32)  and  hub  flange  (30)  members  to- 
gether  and  maintain  the  pre-timing.  An  annular  cover 
(66)  is  then  installed  and  retained  by  a  retaining  ring 
(124)  to  close  a  hydraulic  pressure  chamber  (86)  and 
help  support  the  members.  Upon  assembly  to  a  cam- 
shaft  (1  2),  a  center  bolt  (76)  clamps  the  cover  (66),  hub 
(32)  and  hub  flange  (30)  to  the  camshaft  (12)  and  re- 
lieves  the  locking  means  (60)  from  operational  torque 
loads. 
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Description 

This  invention  relates  to  cam  phase  adjusting 
drives. 

It  is  known  in  the  art  relating  to  engine  valve  gear 
to  provide  various  means  for  varying  valve  timing  as  de- 
sired  for  the  control  of  engine  performance  and  efficien- 
cy.  Among  the  various  types  of  variable  valve  timing  de- 
vices  employed  have  been  camshaft  phasing  devices, 
or  cam  phasers,  often  in  the  form  of  drive  pulleys  and 
the  like,  incorporating  phase  changing  means  for  vary- 
ing  the  phase  between  a  rotatable  input  drive  member 
such  as  a  gear,  pulley  or  sprocket,  and  a  coaxial  rotat- 
able  output  driven  member  such  as  a  camshaft.  Among 
the  pertinent  prior  art  are  mechanisms  having  helically 
splined  pistons  which  are  hydraulically  actuated  against 
a  spring  to  vary  the  phasing  of  outwardly  and  inwardly 
engaged  drive  and  driven  members.  Such  arrange- 
ments  are  shown  for  example  in  U.S.  Patent  No. 
5,163,872  issued  November  17,  1992,  and  assigned  to 
the  assignee  of  the  present  invention.  A  list  of  additional 
prior  art  references  is  included  in  that  patent. 

The  present  invention  provides  a  variable  cam 
phaser  similar  in  some  respects  to  splined  piston  cam 
phasers  shown  in  the  prior  art  but  including  other  fea- 
tures  which  improve  the  manufacture  and  compactness 
of  such  devices  and  their  assembly  to  an  engine  cam- 
shaft. 

A  primary  feature  of  the  invention  is  to  provide  an 
assembled  cam  phaser  that  can  be  timed  after  assem- 
bly  and  then  locked  in  the  timed  position  prior  to  assem- 
bly  in  an  engine. 

Afeatureof  the  invention  may  be  that  a  driven  mem- 
ber  attached  to  the  camshaft  comprises  a  hub  assembly 
made  up  of  a  hub  flange  rotatably  supporting  a  drive  pul- 
ley  or  the  like  and  a  separate  tubular  hub  carrying  ex- 
ternal  splines.  During  assembly,  the  splined  tubular  hub 
is  fitted  over  a  tubular  portion  of  the  hub  flange  on  which 
it  is  free  to  rotate.  This  allows  adjustment  of  the  hub  on 
the  hub  flange  for  pre-timing  the  hub  flange  to  the  drive 
pulley,  or  other  drive  member,  after  assembly  of  the 
splined  cam  phaser  elements.  Thereafter,  the  hub  and 
hub  flange  are  locked  together  by  staking  a  portion  of 
the  hub  flange  against  a  shoulder  of  the  hub,  thus  main- 
taining  the  set  timing  until  installation  of  the  cam  phaser 
in  an  engine.  Manufacture  and  assembly  of  the  splined 
components  are  significantly  simplified  by  this  arrange- 
ment  since  it  is  not  necessary  to  provide  a  specified  ori- 
entation  of  the  internal  or  external  splines  of  the  individ- 
ual  elements  for  timing  purposes. 

Another  feature  of  the  invention  may  be  that  a  single 
cylindrical  wave  type  spring  is  mounted  in  an  axially  con- 
centric  groove  of  at  least  one  of  the  piston  members  for 
biasing  the  second  piston  member  away  from  the  first 
to  take  up  lash  in  the  splines.  The  arrangement  simpli- 
fies  manufacture  and  assembly  and  reduces  the 
number  of  parts  and  package  size  as  compared  to  the 
multiple  biasing  spring  components  of  prior  arrange- 

ments  such  as  that  shown  in  Patent  5,163,872. 
Another  feature  of  the  invention  may  be  that  the 

driving  member  sprocket,  pulley  or  gear  is  rotatably  sup- 
ported  on  the  hub  flange  and  is  additionally  supported 

5  at  an  opposite  end  by  an  annular  cover  which  engages 
both  the  hub  and  a  tubular  extension  of  the  drive  mem- 
ber.  Upon  assembly,  a  single  centrally  located  bolt  fas- 
tener  engages  the  cover  and  locks  it  together  with  the 
hub  and  the  hub  flange  to  an  associated  camshaft  to 

10  maintain  these  elements  in  fixed  relation.  Thereafter,  the 
staking  of  the  hub  to  the  hub  flange  is  no  longer  required 
to  carry  torsional  loads,  such  as  those  occurring  during 
operation  of  the  device  in  driving  the  camshaft  in  an  en- 
gine. 

is  An  embodiment  of  the  present  invention  is  de- 
scribed  below,  by  way  of  example  only,  with  reference 
to  the  accompanying  drawings,  in  which: 

Figure  1  is  an  axial  cross-sectional  view  of  a  varia- 
20  ble  cam  phaser  according  to  the  invention  shown 

attached  to  an  associated  camshaft; 
Figure  2  is  an  exploded  pictorial  view  of  the  cam 
phaser  of  Figure  1  ; 
Figure  3  is  an  axial  cross-sectional  view  of  a  hub 

25  flange  for  the  cam  phaser  of  Figure  1  prior  to  its  as- 
sembly  with  the  associated  hub;  and 
Figure  4  is  a  cross-sectional  view  similar  to  Figure 
1  but  showing  an  alternative  embodiment  of  varia- 
ble  cam  phaser  according  to  the  invention. 

30 
Referring  now  to  the  drawings  in  detail,  numeral  1  0 

generally  indicates  a  portion  of  the  valve  gear  of  an  in- 
ternal  combustion  engine  including  a  camshaft  12  con- 
ventionally  carrying  a  plurality  of  valve  actuating  cams, 

35  not  shown,  and  mounted  for  rotation  in  the  cylinder  head 
or  other  portion  of  an  engine,  not  shown.  Camshaft  12 
includes  at  one  end  an  enlarged  cylindrical  journal  14, 
which  may  be  a  bearing  journal,  on  the  end  of  which  is 
fixedly  mounted  a  variable  cam  phaser  16  formed  ac- 

40  cording  to  the  invention. 
Cam  phaser  16  includes  an  outer  drive  member  in 

the  form  of  a  pulley  1  8  (although  a  chain  sprocket,  gear 
or  other  suitable  drive  device  could  equally  well  be 
used).  The  pulley  18  includes  an  outer  rim  20,  adapted 

45  to  be  driven  by  a  toothed  timing  belt,  not  shown.  The  rim 
20  is  connected  by  a  web  22  with  a  tubular  portion  24 
extending  axially  to  one  side  of  the  web  and  having  at 
an  outer  end  a  cylindrical  external  bearing  surface  26. 
Within  the  portion  24  and  extending  from  the  outer  end 

so  adjacent  bearing  surface  26,  are  internal  right  hand  hel- 
ical  splines  28. 

Pulley  18  is  supported  for  relative  rotation  upon  a 
coaxial  driven  hub  assembly  comprising  an  assembly  of 
a  hub  flange  30  and  a  hub  32.  The  hub  flange  includes 

55  an  end  having  a  circular  recess  34  in  which  the  end  of 
the  camshaft  journal  ~\4  \s  received.  A  flange  36  extends 
outwardly  from  the  recess  34  and  terminates  outwardly 
in  an  enlarged  cylindrical  journal  38  that  slidably  engag- 

2 
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es  an  internal  bearing  surface  40  of  the  hub  24.  Adjacent 
to  the  flange  36  and  opening  away  from  the  camshaft 
12,  the  hub  flange  30  includes  a  recess  42  adjacent  an 
external  guiding  surface  44  containing  a  piston  seal  ring 
46.  Adjacent  the  guiding  surface  44,  a  shoulder  48  ex- 
tends  inwardly  to  a  smaller  diameter  tubular  portion  50 
on  which  the  hub  32  is  supported. 

Hub  32  comprises  a  tubular  body  provided,  on  an 
outer  diameter,  with  external  left  hand  helical  splines  52. 
On  its  inner  diameter,  hub  32  includes  a  raised  portion 
54  carried  by  tubular  portion  50,  an  end  face  56  engag- 
ing  the  shoulder  48  and  an  annular  shoulder  58  that  is 
engaged  by  an  outwardly  flared  flange  60  formed  by  a 
thin  wall  end  of  the  tubular  portion  50  of  the  hub  flange. 
Further  outward,  in  the  direction  away  from  the  cam- 
shaft,  the  hub  32  inner  diameter  forms  a  slightly  en- 
larged  internal  locating  surface  62  having  a  retaining 
ring  groove  64  toward  its  inner  end. 

An  annular  cover  66  having  a  central  opening  and 
a  generally  U-shaped  annular  cross-section  is  mounted 
on  the  outer  ends  of  the  hub  32  and  tubular  portion  24. 
The  cover  includes  an  outer  wall  68  with  an  inner  surface 
engaging  the  bearing  surface  26  of  the  tubular  portion 
24  and  an  inner  wall  70  having  an  outer  surface  engag- 
ing  the  internal  locating  surface  62  of  the  hub.  An  inward 
extension  of  the  inner  wall  forms  a  shoulder  72  against 
which  is  clamped  the  head  74  of  a  central  fastener  in 
the  form  of  an  attaching  bolt  76.  The  bolt  extends 
through  openings  in  the  cover  66  and  the  hub  flange  30 
into  a  hollow  center  78  of  the  camshaft  12  wherein  it  is 
threadably  engaged  in  a  manner  not  shown.  An  annular 
end  wall  80  of  the  cover  extends  between  the  outer  and 
inner  walls  68,  70  and  encloses  an  annular  space  within 
the  cam  phaser.  Within  this  space  are  located  a  first  an- 
nular  phase  control  piston  82  and  a  second  annular  lash 
control  piston  84. 

The  first  piston  82  divides  the  annular  space  into  an 
annular  pressure  chamber  86  adjacent  the  cover  66  and 
an  annular  return  chamber  88  between  the  flange  36 
and  the  piston  82.  Piston  82  includes  a  ring  of  external 
right  hand  helical  splines  90  engaging  the  internal 
splines  28  within  the  tubular  portion  24  of  the  pulley  1  8. 
Additionally,  there  is  a  ring  of  internal  left  hand  helical 
splines  92  that  engage  the  external  helical  splines  52  of 
the  hub  32.  Accordingly,  axial  motion  of  the  piston  82 
causes  a  change  in  the  angular  orientation  or  phase  re- 
lation  between  the  pulley  18  and  the  hub  32,  as  well  as 
the  associated  camshaft  1  2  to  which  the  hub  is  attached. 

A  large  helical  coil  compression  spring  94  is  seated 
against  the  flange  36  of  the  hub  flange  and  is  received 
in  a  recess  96  of  the  piston  82  for  biasing  the  piston  in 
a  direction  toward  the  annular  cover  66,  tending  to  return 
the  camshaft  to  a  predetermined  position,  such  as  a  re- 
tarded  or  advanced  position  for  valve  actuation.  The 
spring  94  lies  within  the  return  chamber  88  formed  on 
the  camshaft  side  of  the  piston.  A  piston  seal  ring  100 
seated  in  a  groove  in  a  guiding  surface  102  of  the  piston 
82  engages  a  cylinder  surface  104  within  the  tubular 

portion  24  of  the  pulley  1  8.  Piston  seal  ring  1  00  and  pis- 
ton  seal  ring  46  in  the  guiding  surface  44  of  the  hub 
flange,  which  engages  a  cylindrical  surface  106  of  the 
piston,  limit  the  leakage  of  oil  between  the  pressure 

5  chamber  86  and  the  return  chamber  98. 
To  actuate  the  piston  in  an  opposite  direction, 

against  the  bias  of  spring  94,  for  example,  to  advance 
the  camshaft  timing,  pressurized  engine  oil,  or  other  hy- 
draulic  fluid,  is  provided  through  passages  108  in  the 

10  camshaft  and  110  in  the  hub  flange  to  the  pressure 
chamber  86.  Fluid  leaking  into  the  return  chamber  88 
may  be  discharged  through  passages  112  in  the  hub 
flange  which  communicate  with  drain  passages  114  in 
the  camshaft.  Alternatively,  passages  112  could  be  con- 

's  nected  with  a  return  pressure  oil  supply  for  forcing  the 
piston  82  in  a  return  direction.  Suitable  seals  are  provid- 
ed  to  prevent  the  leakage  of  pressure  and  drain  oil  from 
the  interior  of  the  cam  phaser  to  external  surfaces  of  the 
pulley  18. 

20  The  annular  lash  control  piston  84  is  located  in  the 
pressure  chamber  86  between  the  piston  82  and  the 
cover  66.  This  piston  includes  external  and  internal  hel- 
ical  splines  116,  1  1  8  like  those  of  piston  82  and  also  en- 
gaging  the  corresponding  splines  28,  52  of  the  pulley 

25  and  hub  respectively.  The  splines  of  the  two  pistons  are 
preferably  formed  with  machined  end  surfaces  of  the 
pistons  in  engagement  with  one  another  so  that  the  hel- 
ices  of  the  splines  are  continuous  when  the  pistons  are 
engaged.  An  annular  groove  120  in  the  phase  control 

30  piston  82,  opening  toward  the  facing  surface  of  the  lash 
control  piston  84,  receives  a  cylindrical  compression 
spring,  preferably  in  the  form  of  a  wave  spring  1  22  best 
shown  in  Figure  2.  Spring  1  22  urges  the  lash  control  pis- 
ton  84  away  from  the  phase  control  piston  82  and  takes 

35  up  the  lash  in  the  splines  between  the  associated  pulley 
and  hub.  In  this  lash  control  action,  the  pistons  82,  84 
function  in  the  same  manner  as  known  split  gears  used 
for  lash  control  in  gear  drives. 

Prior  to  assembly  of  the  cam  phaser  of  Figs.  1-3, 
40  the  hub  flange  30  has  its  tubular  portion  50  extending 

axially  as  shown  by  solid  lines  in  Figure  2.  This  compo- 
nent  is  then  assembled  together  with  the  hub  32,  pistons 
82,  84  and  pulley  1  8.  The  hub  32  is  not  then  fixed  to  the 
hub  flange,  but  is  rotatable  on  the  tubular  portion  50,  so 

45  that  the  pulley  1  8  with  the  splined  pistons  and  hub  may 
be  rotated  relative  to  the  hub  flange  30  in  order  to  prop- 
erly  time  the  pulley  to  the  hub  flange  with  the  compres- 
sion  spring  94  fully  extended.  The  outer  end  of  the  tu- 
bular  portion  50  is  then  deformed,  such  as  by  staking  or 

so  rolling,  to  form  the  flange  60  shown  in  Figure  1  and  by 
dashed  lines  in  Figure  3.  Flange  60  engages  shoulder 
58  of  the  hub,  locking  the  components  in  their  desired 
orientations.  The  cover  66  may  then  be  installed  and  is 
retained  by  a  retaining  ring  124  until  assembly  of  the  unit 

55  to  an  engine  camshaft. 
Thereafter,  the  pre-timed  mechanism  is  installed  on 

a  camshaft  12  as  in  Figure  1.  A  conventional  pin,  not 
shown,  may  be  used  to  orient  the  hub  flange  30  to  the 

3 
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camshaft  for  proper  timing.  A  bolt  76  is  threaded  through  Claims 
the  openings  into  the  camshaft  and  tightened  so  as  to 
lock  the  cover,  hub,  hub  flange  and  camshaft  elements  1.  Ave 
into  fixed  relation.  This  manner  of  assembly  permits  the  (1  8) 
manufacture  and  assembly  of  the  splined  components  s  ed  b 
to  be  carried  out  without  regard  to  any  requirement  for  ing  i 
orientation  or  fixed  relation  of  the  internal  and  external  ying 
splines,  other  than  the  splines  on  the  two  pistons  which  and 
are  formed  together.  This  significantly  simplifies  the  (82) 
manufacturing  and  assembly  process  and  allows  timing  10  ofss 
of  the  elements  to  be  conducted  only  after  assembly  of  mea 
the  mechanism  components  in  the  manner  previously  (82) 
described.  by: 

In  Figure  4,  an  alternative  embodiment  of  cam 
phaser  126  is  illustrated  as  an  example  of  various  pos-  15 
sible  alternative  arrangements  which  may  be  made. 
Cam  phaser  126  is  basically  similar  to  cam  phaser  16 
of  Figs.  1  -3  so  that  similar  components  are  identified  by 
like  numerals. 

One  difference  is  that  cam  phaser  126  is  formed  20 
with  a  chain  sprocket  1  28  rather  than  the  belt  pulley  1  8 
of  Figs.  1-3.  Also  the  sprocket  member  includes  an  ad- 
jacent  gear  section  130  for  driving  an  associated  com- 
ponent  of  the  engine  in  which  it  is  to  be  installed.  The 
sprocket  and  gear  portions  are  formed  as  an  integral  25 
ring  which  is  secured  by  screws  1  32  to  a  cylindrical  por- 
tion  1  34  corresponding  to  the  tubular  portion  24  of  cam 
phaser  16.  This  construction  allows  the  sprocket  and 
gear  portions  to  be  made  of  an  alloy  gear  material  which 
is  not  needed  for  the  associated  cylindrical  portion.  30  2.  The 

Cam  phaser  1  26  also  has  a  greater  axial  length  than  lock 
phaser  1  6  having  increased  lengths  of  the  piston  82,  hub  (50) 
32,  and  hub  flange  30  in  order  to  allow  for  extended  opei 
lengths  of  the  splines  and  greater  travel  of  the  piston.  prot 

Another  difference  in  cam  phaser  126  is  that  a  small  35  able 
cylindrical  protrusion  138  on  the  camshaft  136  centers  said 
the  phaser  on  the  camshaft.  Pressure  oil  is  delivered 
from  a  central  passage,  not  shown,  within  the  camshaft  3.  The 
to  a  drilled  central  passage  1  42  within  the  bolt  1  44  which 
intersects  a  cross  passage  1  46  connecting  with  the  high  40 
pressure  chamber  86.  The  hub  flange  passages  112 
connect  with  an  associated  drain  or  pressure  supply 
passage,  not  shown,  within  the  camshaft  as  before. 

If  external  oil  control  means  are  used  to  provide 
controlled  pressure  oil  to  the  return  chamber  88  in  the  45 
cam  phaser,  the  piston  may  be  actuated  in  both  direc- 
tions  by  pressure  oil.  With  such  known  supply  systems, 
not  shown,  the  return  spring  94  will  function  only  to  re- 
turn  the  cam  phaser  to  its  initial  position  when  pressure 
in  the  pressure  chamber  is  released.  so 

While  the  invention  has  been  described  by  refer- 
ence  to  certain  specific  embodiments,  it  should  be  un- 
derstood  that  numerous  changes  could  be  made  within 
the  spirit  and  scope  of  the  inventive  concepts  described. 
Accordingly  it  is  intended  that  the  invention  not  be  lim-  55 
ited  to  the  disclosed  embodiments  but  that  it  have  the 
full  scope  permitted  by  the  language  of  the  following 
claims.  4.  The 

1.  A  variable  cam  phaser  (16)  including  coaxial  drive 
(1  8)  and  driven  (30,32)  members  drivingly  connect- 
ed  by  a  first  annular  phase  control  piston  (82)  hav- 
ing  inner  (92)  and  outer  (90)  helical  splines  of  var- 
ying  lead,  respectively  engaging  mating  outer  (52) 
and  inner  (28)  splines  of  said  members,  the  piston 
(82)  being  axially  movable  to  vary  the  phase  relation 
of  said  drive  (16)  and  driven  (30,32)  members,  force 
means  (94,110)  operative  to  act  against  the  piston 
(82)  for  moving  the  piston  (82)  axially;  characterized 
by: 

one  (30,32)  of  said  drive  (18)  and  driven  (30,32) 
members  including  a  hub  (32)  provided  with 
said  mating  outer  helical  splines  (52)  and  a  hub 
flange  (30)  supporting  the  hub  (32);  and 
locking  means  (60)  operative  in  an  unlocked 
position  to  allow  angular  adjustment  of  said  hub 
(32)  on  said  hub  flange  (30)  after  their  assembly 
with  the  other  (18)  of  said  members  to  provide 
a  selected  angular  orientation  of  said  drive  (1  8) 
and  driven  members  (30,32),  said  locking 
means  (60)  being  movable  to  a  locked  position 
wherein  it  is  operative  to  maintain  said  angular 
orientation  until  installation  of  the  cam  phaser 
(16)  on  a  camshaft  (12). 

2.  The  invention  as  in  claim  1  characterized  in  that  said 
locking  means  (60)  comprises  a  tubular  protrusion 
(50)  of  said  hub  flange  extending  through  an  axial 
opening  of  said  hub  including  a  shoulder  (58),  said 
protrusion  (50)  having  an  end  portion  (60)  deform- 
able  into  contact  with  said  shoulder  (58)  for  locking 
said  hub  (32)  and  hub  flange  (30)  together. 

3.  The  invention  as  in  claim  2  characterized  by: 

a  second  annular  lash  control  piston  (84)  adja- 
cent  the  first  piston  (82)  and  having  inner  (118) 
and  outer  (116)  helical  splines  of  varying  lead 
engaging  said  mating  splines  (28,52)  of  said 
drive  and  driven  members,  said  first  (82)  and 
second  (84)  pistons  having  opposed  annular 
end  faces; 
means  defining  an  annular  groove  (120)  con- 
centric  with  and  recessed  into  at  least  one  of 
said  annular  end  faces  and  opening  toward  the 
other;  and 
a  generally  cylindrical  axial  compression  spring 
(122)  seated  in  said  annular  groove  (120)  and 
acting  against  both  of  said  pistons  (82,84)  for 
biasing  them  apart  to  take  up  lash  between  the 
pistons  (82,84)  and  the  drive  (18)  and  driven 
(30,32)  members. 

4.  The  invention  as  in  claim  3  characterized  in  that  said 
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spring  (122)  is  a  wave  spring. 

5.  The  invention  as  in  claim  4  characterized  in  that  said 
force  means  include  hydraulic  means  (110)  capable 
of  applying  fluid  pressure  against  said  first  piston  s 
(82)  for  moving  it  axially  in  at  least  one  direction. 

6.  The  invention  as  in  claim  5  characterized  in  that  said 
force  means  further  include  a  compression  spring 
(94)  biasing  said  first  piston  axially  opposite  to  said  10 
one  direction. 

7.  The  invention  as  in  claim  1  characterized  by: 

said  hub  flange  (30)  including  a  tubular  portion  15 
(50)  supporting  the  hub  (32)  and  a  flange  por- 
tion  (36)  near  one  end  of  the  cam  phaser  (16) 
and  extending  radially  beyond  said  outer 
splines  (90)  into  supporting  engagement  with 
said  drive  member  (18);  20 
an  annular  cover  (66)  on  an  opposite  end  of  the 
cam  phaser  (16)  from  said  one  end  and  radially 
supporting  the  drive  member  (18)  on  said  hub 
(32)  at  said  opposite  end;  and 
a  central  fastener  (76)  extending  through  said  25 
cover  (66)  and  said  driven  member  (30,32)  for 
clamping  said  cover  (66),  said  hub  (32)  and 
said  hub  flange  (30)  together  in  fixed  relation 
with  an  associated  camshaft  (12). 

30 
8.  The  invention  as  in  claim  7  characterized  by: 

retaining  means  (124)  on  one  of  said  cover 
(66)  and  hub  (32)  and  engaging  the  other  upon  as- 
sembly  for  retaining  the  cover  (66)  on  the  drive  (18) 
and  driven  (30,32)  members  pending  securing  of  35 
the  cam  phaser  (1  6)  to  a  camshaft  (1  2). 

9.  A  method  for  assembling  a  pre-timed  cam  phaser 
(16)  for  an  engine  camshaft  (12),  said  method  char- 
acterized  by:  40 

n  M  8 

related  with  the  other  (18)  of  said  members  to 
form  a  mechanism  of  temporarily  fixed  angular 
relation; 
rotating  said  one  component  (32)  relative  to 
said  other  component  (30)  to  establish  a  pre- 
timed  initial  orientation  of  said  other  component 
(30)  with  said  other  member  (18);  and 
moving  said  locking  means  (60)  to  said  locked 
position  to  prevent  further  rotation  of  said  one 
component  (32)  relative  to  the  other  component 
(30); 
whereby  said  pre-timed  initial  orientation  of 
said  other  component  (30)  relative  to  said  other 
member  (18)  is  maintained  while  said  phase 
control  means  (82)  remains  in  said  initial  posi- 
tion. 

10.  The  method  of  claim  9  characterized  in  that  said 
step  of  moving  said  locking  means  (60)  comprises 
deforming  a  tubular  end  (60)  of  said  other  compo- 
nent  (30)  against  a  shoulder  (58)  of  said  one  com- 
ponent  (32). 

11.  The  method  of  claim  10  characterized  in  that  said 
act  of  deforming  comprises  staking. 

12.  The  method  of  claim  10  characterized  in  that  said 
act  of  deforming  comprises  forming  a  flange  (60)  on 
said  tubular  end  and  bending  said  flange  (60)  into 
engagement  with  an  annular  shoulder  (58)  of  said 
one  component  (32). 

EP0  717  171  A1 

providing  drive  (18)  and  driven  (30,32)  mem- 
bers  engagable  with  phase  control  means  (82) 
and  axially  movable  to  vary  the  angular  phase 
relation  of  said  members  (18,30,32),  one  45 
(30,32)  of  said  members  comprising  two  com- 
ponents  (30,32)  having  locking  means  (60) 
movable  to  a  locked  position  for  locking  said 
components  in  fixed  angular  relation,  one  (32) 
of  said  components  being  supported  and  initial-  so 
ly  rotatable  upon  the  other  (30),  said  one  (32) 
of  said  components  being  engagable  with  said 
phase  control  means  (82)  and  the  other  with  an 
external  support  (12)  ; 
assembling  said  members  (18,30,32)  together  55 
with  said  phase  control  means  (82)  held  in  an 
initial  position  wherein  said  other  component 
(30)  of  said  one  member  (30,32)  is  rotationally 
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